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ABSTRACT
BIOLOGY AND BEHAVIOR OF LYMANTRIA MATHURA MOORE
(LEPIDOPTERA: LYMANTRIIDAE)
MAY 1999
MARINA A. ZLOTINA, B. A. KHARKOV STATE UNIVERSITY, UKRAINE
Ph.D., ALL-UNION INSTITUTE OF PLANT PROTECTION,
ST. PETERSBURG, RUSSIA
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Joseph Elkinton

Lymantria mathura Moore is a polyphagous defoliator of hardwood trees
in the Russian Far East, Japan, India, and China. Its egg masses were
intercepted on ships arriving to Pacific Northwest. If introduced and established
in North America, L mathura is likely to cause serious economic
consequences. As a part of a program for development of monitoring and
control measures, possible host range, larval air-borne dispersal, mating
behavior, and pheromone communication of L. mathura were studied. Survival
and development of first instars of L. mathura were examined on 24 hardwood
and conifer tree species from North America, Europe, and Asia. Lymantria
mathura performed well on hosts in the family Fagaceae. Survival and growth
rate was high in the genus Fagus (beech) and Quercus (oak), particularly white
oak group. Performance was intermediate on species of red oak group and
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species from Juglandaceae, Betulaceae, and Oleaceae. Survival was poor on
Pinaceae.
Dispersal rates, settling velocities, and diel periodicity of dispersal for
both L mathura and Asian L dispar were studied to predict probable extent of
neonate dispersal. Dispersal rates for L. mathura exceeded those of Asian and
North American gypsy moths. Neonates of L. mathura weighed less and had
slower settling velocities than Asian or North American gypsy moths.
Pheromone-baited traps would be important for detecting introductions
of L mathura, but a sex pheromone has not yet been identified. I studied the
olfactory reaction of males to females and to odor compounds in the wind
tunnel. Number of males performing searching flight in a pheromone plume
was lower than moths performing non-pheromone mediated flight. There was
no difference in male performance when stimulated with preparations of female
abdominal tip extracts or synthetic compounds derived from females. Studies of
courtship showed that females initiated calling shortly after start of scotophase,
and courtship occurred several hours later. Mating occurred after a calling
female starts wing fanning, initiating a fanning response and flight in a nearby
male. A receptive female lifts the wings and allows a male underneath.
During behavioral studies, low frequency atonal sound associated with
wing fanning was recorded in both sexes of L mathura, and several other
lymantriids tested for comparison. There were differences in wing beat
frequencies between sexes and species.
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PREFACE

Egg masses of two exotic lymantriids, Lymantria mathura Moore, and the
Asian form of the gypsy moth, Lymantria dispar L., were discovered on ships
coming to North America from the Russian Far East (Mudge and Johnson,
1992; Wallner, 1993; Mastro, 1995). Asian gypsy moth was found in 1992 in
several localities adjacent to ports in the Pacific Northwest. In contrast, it is not
yet known whether L mathura has become established in North America, since
survey tools such as pheromone baited traps are not available.
Lymantria mathura is a univoltine, polyphagous defoliator of orchards
and hardwood forests, and outbreaks have been reported from its native range
(Ferguson 1978) in India (Roonwal 1953), China, Japan (Nishigaya 1918;
Clausen 1931), and the Russian Far East (Kozhanchikov 1950; Maslov et al.
1988). Outbreaks in the Russian Far East are often concurrent with those of
the Asian gypsy moth (Anonymous 1992).
The special threat of this lymantriid, as well as of Asian gypsy moth, is
the capacity of adult females for sustained long-distance flight, whereas
females of North American L dispar do not fly. If established, these species
would spread four to five times faster than North American strain (Wallner,
1993).
Some evidence suggests that one of the pathways of Asian L dispar
infestation could be egg masses on infested ships with hatching larvae since
ballooning neonates blowing toward shore were observed in Vancouver, B. C.
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(Waller, 1991; Gibbons, 1992; Mudge and Johnson, 1992; Bogdanowicz et al.,
1993). There is little information in the literature about dispersal behavior in L
mathura. Females have been reported to oviposit on non-host trees such as
conifers (Nishigaya, 1918) and on buildings and telephone poles (Anon.,
1992). Kozhanchikov (1950) mentions that larvae are capable of producing silk
threads and are dispersed by ballooning in wind currents. This suggests that
L. mathura possesses a mechanism for larval dispersal, similar to that
demonstrated by other species of lymantriids.
Pheromone-baited traps are important tools for detecting introductions of
exotic species and monitoring populations of introduced and endemic insect
pests. Little is known about L. mathura, and there is no research reported on
the pheromone of this insect. Identification of a pheromone that could be used
in traps for detection would greatly enhance efforts for preventing
establishment of L. mathura in North America.
The dearth of knowledge about L. mathura coupled with the high risk of
potential introductions necessitated the development of a rearing program to
obtain salient information required to develop monitoring, eradication, or
control procedures. Lymantria mathura was reared in the quarantine facility of
the USDA -APHIS Plant Protection Center at Otis ANGB, MA. Larvae
successfully developed on artificial diet (Bell et al. 1981), but mating success
was poor in the resulting normal appearing adults. There is no information on
courtship behavior or mating of L mathura in the field.

VIII

Here, I studied possible host range, larval air-borne dispersal, mating
behavior, and pheromone communication of L mathura.
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CHAPTER 1

SURVIVAL AND DEVELOPMENT OF LYMANTRIA MATHURA MOORE
(LEPIDOPTERA: LYMANTRIIDAE) ON NORTH AMERICAN, ASIAN AND
EUROPEAN TREE SPECIES

Introduction

Egg masses of rosy gypsy moth, Lymantria mathura Moore, and the
Asian form of the gypsy moth, Lymantria dispar L., have been intercepted on
ships coming to the Pacific Northwest from ports in the Russian Far East
(Mudge and Johnson, 1992; Wallner, 1993; Mastro, 1995). Asian gypsy moth
was found in 1992 in several localities adjacent to ports in the Pacific
Northwest. Federal, state, and Canadian provincial agencies responded to
these finds with eradication programs and additional measures to prevent
future introductions (Gibbons, 1992; Wallner et al., 1995). It is not known if L.
mathura has become established in North America, but sensitive methods of
survey, such as pheromone traps, are not available.
Lymantria mathura is a native polyphagous defoliator of orchards and
hardwood forests in the Russian Far East, India, Northern China, and
Japan (Nishigaya, 1918; Kozhanchikov, 1950; Roonwal, 1953; Wallner et al.,
1995). A host plant list based on bibliographical citations compiled in 1995 by
P. Schaefer (U.S. Agricultural Research Service, Newark, DE, personal

1

communication) includes 29 species from 13 families. Lymantria mathura
females oviposit both on hardwoods and conifers (Clausen, 1931; Chelysheva
and Orlov, 1986), but there are no reports that larvae feed on conifer foliage in
early or late instars.
The wide host range and distribution of L mathura in temperate forests
from the Russian Far East to Japan suggest that it could establish and achieve
pest status if accidentally introduced into North America. To predict its
potential for establishment in North America, I examined survival and
development of neonates on 19 North American hardwood and conifer species.
Three Asian and 2 European species were included for comparison.

Materials and Methods

I used cultures of L. mathura originating from the egg masses collected
from 2 different sources, infested Russian ships in port areas of the Pacific
Northwest, in 1991, and in Kavalerovo, Primorskyi Region of the Russian Far
East, in 1993. The cultures were maintained on artificial diet (Bell et al., 1981)
in USDA - APHIS quarantine facilities at Otis Plant Protection Center (Otis
ANGB, MA). Normally, egg masses were removed from chill (5 - 7° C) after
150 d and placed for hatch in a rearing room at 24°C, =41% RH and a
photoperiod of 16:8 (L:D) h.
For the host suitability test 2-d-old L. mathura larvae were used.
Neonates of L. mathura usually cluster on or near the egg mass, imbibe water,
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but do not feed for the first several days (Anon., 1992; Kozhanchikov, 1950).
After hatching, neonates were held for 2 d in covered 180 ml (6 oz) plastic
containers with water-moistened cotton wicks.

I randomly selected a sample

of 150 neonates to test for each plant species. By using a CAHN (CAHN
Instruments, Division of Ventron Corp., Cerritos, CA) scale, I recorded weights
(in milligrams) for 40 - 45 individual larvae of each cohort placed on a host
species.
The trees (Table 1.1) for the host suitability test were grown in a
greenhouse from acorns (Arnold Arboretum, Boston, MA) or seeds
(Schumacher Co., Inc., Sandwich, MA). Several species were obtained for
tests as 1- or 2-y-old seedlings (Musser Forests, Inc., Indiana, PA, and Warren
County Nursery, Inc., McMinnville, TN). A single plant was considered a
replicate. The number of larvae per replicate was dependent on plant size and
amount of foliage necessary to sustain larvae. The number of replicates was
determined by the number of plants available for the test.
Before placing larvae on foliage, the soil in the planting pots was
covered with a circular piece of filter paper cut to the center to accept the stem.
The paper was then taped around the bottom of the seedling to prevent escape
of larvae. Small plants were enclosed in a paper cylinder (8.5 cm diameter and
17 cm high) with top and bottom removed. The cylinder was pushed down over
the edges of the pot and secured with masking tape. The top of the cylinder
was covered with fine nylon mesh and held in place with a rubber band. For

3

larger trees, we covered each with a bag of fine nylon mesh. The edges of a
bag were gathered around the main stem, and secured with tape.
I chose only plants with young (approximately two weeks old after bud
break) and tender foliage attempting to keep all replicates as uniform as
possible. I transferred neonates to foliage and placed plants in an
environmental chamber with the same conditions as those described for the
rearing room.

I checked the plants after 7 d and recorded larval survival,

developmental parameters, and weight of individual larvae.

Data Analysis

I used a Chi-square test of heterogeneity for detecting differences in
numbers of larvae surviving between host plants. The average proportion of
larvae surviving was calculated as a ratio of live larvae found at the end of 7 d
period to the number of larvae used to initiate the test. Because of the
differences in number of replicates, I did not use analysis of variance (ANOVA)
and pairwise comparison of means for differences in proportions surviving.
The proportions of larvae attaining 2nd and 3rd instar were calculated as a
ratio of larvae present in each instar divided by the total number of surviving
larvae. Rate of larval development was compared as numbers attaining 2nd
(and 3rd if applicable) instar by using PROC ANOVA procedure, Scheffe option
in MEANS statement in SAS (SAS Institute, 1988). To test differences in larval
weight gain between hosts, I used Kruskal -Wallis 1-way nonparametric AOV
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and comparison of mean ranks in Statistics (Statistix, 1992) because
population variances were heterogeneous (Bartlett’s test of equal variances:)?
= 351.92; df = 11; P = 0.000),

Results

The overall survival of L mathura on Fagaceae was higher than on any
other family (Table 1.2). The highest mean ± SDM proportion (0.90 ±0.13) of
live larvae was on oriental oak, Quercus variabilis Bl.

High survival was also

found on American beech, Fagus grandifolia Erhr., and European beech, F.
sylvatica L. Larval survival on other host plants in the genus Quercus varied
between 0.79 ± 0.20 (Q. alba L.) to 0.59 ± 0.36 (Q. palustris Muenchh.).
Survival on hardwood trees in other families varied considerably within a
family. For example, within the Betulaceae, survival on American hornbeam,
Carpinus caroliniana Walt., was 0.51 ± 0.46 whereas no larvae survived on
European alder, Alnus glutinosa (L.). Within the Juglandaceae, survival
differed from 0.34 ± 0.34 for Manchurian walnut, Juglans mandshurica Maxim.,
to 0.09 ± 0.20 for black walnut, J. nigra L., Within the Oleaceae, survival
varied from 0.51 ± 0.22 for white ash, Fraxinus americana L., to 0.25 ± 0.29 for
green ash, F. pennsylvanica Marsh. Only 1 larva survived on Acer saccharum
Marsh (Aceraceae).
The species of conifer (Pinaceae) on which L. mathura neonates had
the highest survival was Douglas-fir, Pseudotsuga menziesii Franco (Table
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1.2). When newly hatched larvae were reared on Douglas-fir beyond 7 d, only
2 larvae (1.5%) completed development (pupated). However, when Douglas-fir
was offered to 20 larvae of 2nd instars, 16 (80%) completed development.
Survival rates of neonate larvae reared on other conifer species were low,
ranging from 0.13 ± 0.23 for Fraser fir, Abies fraseri (Pursh) Poir, to 0.01 ± 0.02
for white fir, A. concolor (Gord. and Glend.) Lindl. Only 1 larva survived on
blue spruce, Piceae pungens Engelm., and none survived on balsam fir, A.
balsamea (L.) Mill.
The rate of development was more rapid when larvae fed on species of
Fagaceae than on species in other families (Table 1.2). Development was
fastest on the 2 species of Fag us. After 7 d on F. sylvatica all larvae had
molted to 2nd instar and 66% had molted to 3rd instar whereas on F.
grandifolia 96% and 48% of larvae had molted to the 2nd and 3rd instars,
respectively. Development on species of Quercus was variable, ranging from
88% to 0% of larvae molting to 2nd instar on Q. variabilis and Q. palustris,
respectively. Development was faster on species in the white oak group (Q.
alba, Q. prinus, Q. variabilis) than on species of red oak group (Q. velutina, Q.
rubra, Q. palustris) (F = 42.70; df = 9, 66; P < 0.01). The rate of development
on hosts in families other than Fagaceae was variable (Table 1.2). On
American hornbeam, C. caroliniana, (Betulaceae), 21% of larvae molted to the
2nd instar which is significantly higher than on Q. velutina and Q. rubra (F 13.90; df = 3, 27; P < 0.01). The rate of larval development on species of
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Juglandaceae was lower than on Fagaceae and some Betulaceae (C.
caroliniana) but higher than on Oleaceae.
I measured larval weight gain on the 15 hosts on which at least 25
larvae survived (Table 1.3). Kruskal - Wallis nonparametric comparison of
mean ranks (Statistics 1992) identified 6 groups within which the means were
not significantly different from one another (Kruskal-Wallis statistic, H = 389.44;
P < 0.01, using chi-squared approximation; critical Z = 3.37. Parametric AOV
applied to ranks F = 115.85; df = 11, 545; P < 0.01). Greatest weight gain was
in species of Fagus. Weight gain in Quercus was intermediate and variable.
The lowest weight gain was in families Oleaceae and Pinaceae.

Discussion

Lymantria mathura is a serious pest of hardwoods and outbreaks have
been reported from Japan (Nishigaya, 1918), India (Roonwal, 1953, 1954) and
the Russian Far East (Kozhanchikov, 1950; Chelysheva and Orlov, 1986;
Maslov et al., 1988). Outbreaks in the Russian Far East are often concurrent
with those of the Asian gypsy moth (Anon. ,1992). Hosts include species in
Salicaceae (willows), Rosaceae (apple, pear, cherry), Betulaceae (birches),
Fagaceae (oaks, beeches), Anacardiaceae (mango), Combretaceae,
Dipterocarpaceae, Sapindaceae, Ulmaceae (elm), and other broadleaf trees
(Kozhanchikov, 1950; Wallner et al., 1995; P. Schaefer, USDA-ARS, personal
communications). Feeding in spring is initiated on buds, increasing the level of

7

damage (Kozhanchikov, 1950; Clausen, 1931).

During outbreaks in the

Russian Far East, Q. mongolica Fish, et Ledeb., J. mandshurica, and species
of Ulmus, Betula and Populus are defoliated (Baranchikov et al., 1995). Other
suitable hosts include Manchurian linden, apple, birch, beech, willow
(Chelysheva and Orlov, 1986) but species of Fagaceae are preferred.
Lymantria mathura is known to oviposit not only on hardwood hosts but
also on conifers (Clausen, 1931; Kozhanchikov, 1950, Chelysheva and Orlov,
1986) although information on neonate establishment and development on
conifers is lacking. In laboratory tests, 2nd instars placed on larch died after
molting to the 3rd instar (Yurchenko, 1995a).

Fourth instars, however, grew

well when fed Korean pine Pinus koraiensis Siebold et Zucc. and Abies
nephroletis Maxim (Yurchenko, 1995a).
In my laboratory tests, the highest rate of survival (>60%) of L mathura
was on species of Fagaceae (proportion of survival given in Table 1.2).
Survival levels were intermediate in the families Oleaceae (51 to 25%),
Juglandaceae (34 to 9%), and Betulaceae (51 to 0%). Although survival on J.
mandshurica averaged 34%, it varied between 100 and 0% on individual trees.
Varied results also were obtained when 1st and 2nd instar L. mathura were fed
on bouquets of J. mandshurica in the Far Eastern Forestry Institute,
Khabarovsk, Russia (Yurchenko, 1996). No larvae survived in our test when
fed on A. glutinosa, European alder (Betulaceae), although Wallner et al.
(1995) mention defoliation of alder in the Russian Far East and northern China.
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Host acceptance of L. mathura may differ somewhat from that of the
Asian form of gypsy moth, L. dispar. Survival of L. mathura on Fraxinus
pennsylvanica was 25% in my test versus 1.1% for L dispar on the same host
in the study of Baranchikov et al. (1994). These results may reflect difference
in host preference, or in technique. In the study of Baranchikov et al. (1994),
foliage was offered to newly hatched larvae as leaves with petioles cut from
branches (the age and quality of leaves are not presented), whereas I used
young seedlings. Baranchikov et al. (1994) terminated the experiment the first
larva from each cohort molted to 2nd instar, whereas my tests lasted 7 d.
There were differences between L. mathura and Asian L. dispar when
results on congeneric plant species were compared with results of
Baranchikov et al. (1994). In my test, 12% of L. mathura survived when fed
Larix laricina (Du Roi) K. Koch whereas 80% of Asian gypsy moth larvae
survived on L sibirica. When I reared L mathura on Pinus strobus L., 13% of
larvae survived, whereas 86.7% of Asian L. dispar survived on P. sylvestris L.
Survival on congeneric plant species was also different for my studies
with L mathura and those of Miller et al. (1991a, b) with North American L
dispar. No L mathura survived on European alder, A. glutinosa (L.) Gaertn.,
compared with 97% survival in L. dispar on red alder, A. rubra Bong (Miller et
al., 1991a). In my study, 22% of L mathura survived on Douglas-fir,
Pseudotsuga menziesii Franco, whereas survival of 1st instar L. dispar ranged
from 0 to 84% (Miller et al., 1991b), depending upon temperature and foliage
age. Miller et al. (1991b) placed larvae, less than 8 h after eclosion, on sprigs
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of foliage, identified as new (1-4 weeks after bud break) and old (1-yr-old).
They suggest that 2nd instar L dispar dispersing to Douglas-fir can complete
development. My data show some 1st instar L mathura larvae can establish
on Douglas-fir. When later instars were placed on this host (beyond objectives
of our experiment), the rate of mortality was low.
I found that survival of 1st instar and further development of L mathura
larvae on other conifer species was low, whereas Miller and Hanson (1989)
found North American gypsy moth larvae developed from 1st instar to adult on
20 species of gymnosperms. Among the most suitable host species were Picea
pungens and Larix occidentalis Mill. (Western larch), on which survival was
100% (Miller and Hanson, 1989). In myr study, only 0.7% of L mathura larvae
survived on P. pungens, and 12% survived on L. laricina. No larvae molted to
2nd instar and all eventually died when left beyond 7 d on either of these hosts.
With A. concolor, survival of L dispar was 88% (Miller and Hanson, 1989)
compared with 1 % of L mathura in my study.
I can conclude from the study, that L. mathura performed well on North
American, European and Asian hosts in the family Fagaceae. Survival on
European and American beeches was as high as on oriental oak, Q. variabilis.
The rate of development on European and American beeches and chestnut
oak was as rapid as development on oriental oak. Larval weight gain on
American beech was high and not significantly different from weight gain on the
oriental oak. My findings indicate that if accidentally introduced, L. mathura
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has a high potential of becoming a pest in North American forest areas where
species of Fagaceae are common.

Table 1.1. Tree species tested as potential hosts for L mathura.

Scientific name

Common name

Source

Quercus alba L.

White oak

Arnold Arboretum

Q. rubra L.

Northern Red oak

Arnold Arboretum

Q. prinus L.

Chestnut oak

Arnold Arboretum

Q. variabilis Bl. (A)

Oriental oak

Arnold Arboretum

Q. velutina Lam.

Black oak

Arnold Arboretum

Q. palustris Muenchh.

Pin oak

Arnold Arboretum

Fagus grandifolia Ehrh.

American beech

Warren Co. Nurs.

F. sylvatica L. (E)

European beech

Musser Forests

Juglans cinerea L.

Butternut

Musser Forests

J. nigra L.

Black walnut

Musser Forests

J. mandshurica Maxim. (A)

Manchurian walnut

Schumacher Co.

Alnus glutinosa (L.) (E)

European alder

Musser Forests

Carpinus caroliniana Walt.

American hornbeam

Warren Co.Nurs.

Fraxinus americana L.

White ash

Musser Forests

F. pennsylvanica Marsh.

Green ash

Musser Forests

FAGACEAE

JUGLANDACEAE

BETULACEAE

OLEACEAE

Continued, next page
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Table 1.1. Continued.

Scientific name

Common name

Source

Sugar maple

Musser Forests

Pinus strobus L.

Eastern White pine

Musser Forests

Abies balsamea (L.) Mill.

Balsam fir

Musser Forests

A. concolor (Gord. and Glend.)
Lindl.

White fir

Musser Forests

A. fraseri (Pursh) Poir

Fraser fir

Musser Forests

Larix laricina (Du Roi) K. Koch

Tamarack

Schumacher Co.

Picea pungens Engelm.

Blue spruce

Musser Forests

Pseudotsuga menziesii (mirb.)
Franco

Douglas-fir

Schumacher Co.

ACERACEAE
Acer saccharum Marsh.
PINACEAE
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Table 1.2. Proportion of L mathura larvae surviving, and instar distribution on
different tree species.

Host species

Larvae
tested

Proportion
surviving
(mean ± SD)

Proportion of surviving
larvae attaining instar
class by end of the test
2nd instar

3rd instar

FAGACEAE
Quercus alba

150

0.79 ± 0.20

0.81 ± 0.24

0

Q. rubra

150

0.60 ±0.13

0.06 ±0.13

0

Q. prinus

150

0.77 ± 0.32

0.37 ±0.18

0.05 ±0.17

Q. variabilis (A)

150

0.90 ±0.13

0.88 ±0.19

0.04 ±0.11

Q. velutina

117

0.62 ± 0.30

0.10 ± 0.16

0

Q. palustris

149

0.60 ± 0.36

0

0

Fagus grandifolia

150

0.87 ± 0.07

0.96 ± 0.05

0.48 ± 0.36

F. sylvatica (E)

150

0.85 ± 0.07

1.00 ±0.00

0.66 ± 0.27

Juglans cinerea

150

0.16 ±0.21

0.01 ±0.03

0

J. nigra

155

0.09 ± 0.20

0

0

J. mandshurica (A)

135

0.34 ± 0.34

0.06 ±0.18

0

Ain us glutinosa (E)

150

0

0

0

Carpinus caroliniana

150

0.51 ± 0.46

0.21 ±0.16

0

JUGLANDACEAE

BETULACEAE

Continued, next page
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Table 1,2. Continued.

Host species

Larvae
tested

Proportion
surviving
(mean ± SD)

Proportion of surviving
larvae attaining instar
class by end of the test
2nd instar

3rd instar

OLEACEAE
Fraxinus americana

150

0.51 ± 0.22

0

0

F. pennsylvanica

190

0.25 ± 0.29

0

0

150

<0.01

0

0

Abies balsamea

150

0

0

0

A. concolor

150

0.01 ± 0.02

0

0

A. fraseri

150

0.13 ±0.23

0

0

Pinus strobus

150

0.13 ±0.20

0

0

Larix iaricina

90

0.12 ±0.30

0

0

Picea pungens

150

< 0.01 ± 0.02

0

0

Pseudotsuga
menziesii

150

0.33 ± 0.27

0

0

ACERACEAE
Acer saccharum
PINACEAE
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Table 1.3, Weight gain of L mathura larvae on different hosts.

Host species

Number of larvae

Mean weight gain (g) ± SD

Fagus sylvatica

55

12.64 ± 7.39a*

F. grandifolia

61

8.85 ± 4.26a

Quercus variabilis

37

8.71 ± 7.41a

Q. alba

59

1.92 ± 1.53b

Q. prinus

60

1.80 ± 1.75bc

Q. rubra

45

1.00 ± 1.04bcd

Q. palustris

40

0.57 ± 0.52bcde

Q. velutina

41

0.49 ± 0,66cdef

50

2.10 ± 2.17b

Fraxinus
pennsylvanica

25

0.29 ± 0.42def

F. americana

44

0.04 ± 0.06f

40

0.09 ± 0.09ef

FAGACEAE

BETULACEAE
Carpinus
caroliniana
OLEACEAE

PINACEAE
Pseudotsuga
menziesii

* Means followed by the same lower case letter are not significantly different (P
> 0.05).
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CHAPTER 2

DISPERSAL TENDENCIES OF NEONATE LARVAE OF LYMANTRIA
MATHURA MOORE AND THE ASIAN FORM OF L DISPAR (L.)
(LEPIDOPTERA: LYMANTRIIDAE)

Introduction

Infestations of the Asian form of the gypsy moth, L dispar, have been
detected in the Pacific Northwest (port facilities of Vancouver, British Columbia,
Tacoma and Seattle, WA, Portland, OR, in the mouth of the Columbia River),
and on the East Coast ports Sunny Point, NC, and Charleston, SC. Asian
gypsy moth is a polyphagous defoliator of more than 500 species of plants in
Asia, including conifers, such as larch (Gibbons, 1992). The special threat of
the Asian gypsy moth is the capability of adult females for sustained long¬
distance flight, whereas females of North American strain do not fly. By
estimations, if Asian race becomes established, it would spread 4 to 5 times
faster than North American strain (Wallner, 1993). Some evidence suggests
that one of the pathways of infestation could be egg masses on ships from
infested ports with hatching larvae since ballooning neonates blowing toward
shore were observed in Vancouver, B. C. (Watler, 1991; Gibbons, 1992;
Mudge and Johnson, 1992; Bogdanowicz et al., 1993). Another pathway of
Asian gypsy moth introduction (Tacoma, Sunny Point, Charleston) is possibly
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via different life stages on military cargo from infested areas of Germany
(Garcia, 1993; Bell, 1994; Prasherand Mastro, 1994).
Egg masses of another lymantriid, L. mathura, were also found on
Russian grain ships (Mudge and Johnson, 1992; Wallner, 1993; Mastro, 1995)
but no putative infestations have been detected. However, a sensitive survey
tool such as a pheromone-bated trap for this species is not available.
There is little information in the literature about dispersal behavior in L.
mathura. Females have been reported to oviposit on non-host trees such as
conifers (Nishigaya, 1918) and on buildings and telephone poles (Anon.,
1992). Kozhanchikov (1950) mentions that larvae are capable of producing silk
threads and are dispersed by ballooning in wind currents. This suggests that
L mathura possesses a mechanism for larval dispersal, similar to that
demonstrated by other species of lymantriids.
Larval dispersal of neonates of the North American strain of the gypsy
moth has been studied extensively (Leonard, 1971; McManus, 1973; Capinera
and Barbosa, 1976; Lance and Barbosa, 1981; Liebhold and McManus, 1991;
Weseloh, 1985, 1997; Diss et al., 1996). Different simulations of dispersal
based on a three dimensional wind model, settling velocities of neonates and
length of silken threads have been developed to predict direction and distance
traveled (Fosberg and Peterson, 1986; Mason and McManus, 1981; McManus
and Mason, 1983). Recently a series of models was used to test the
hypothesis that neonates of Asian gypsy moth dispersed from infested ships at
the port of Tacoma to establish an infestation in the adjacent area. Historic on-

21

site wind records and estimated settling velocities (McManus and Mason,
1983) were used to estimate the pattern and distances of larval dispersal
(Miller et al., submitted).
Here, I studied the dispersal potential of neonates of L. mathura and the
Asian form of L. dispar in a wind tunnel and measured settling velocities for
larvae of both species. These data, incorporated into dispersal models, can
provide estimates of the pattern and extent of larval dispersal that could be
used to design delimiting survey and control programs. The information can
also be used to provide minimum safe distances that potentially infested ships
should remain from land during quarantine inspection.

Materials and Methods

I conducted experiments in the spring of 1994 on cultures of Asian gypsy
moth originating from the egg masses collected on Russian ships in port areas
of the Pacific Northwest, and on egg masses of L mathura collected in the
Kavalerovo, Primorskyi Region of the Russian Far East.

Rearing of Larvae

Asian gypsy moth larvae were reared on artificial diet (as described in
Chapter 1) for 1 generation in a USDA-APHIS quarantine facility at the Plant

22

Protection Center, Otis, MA. Egg masses of L. mathura were collected in the
field during the summer of 1993 and maintained in cold treatment (5° - 7°C).
I removed egg masses from cold treatment after 150 d and placed them
in a rearing room to hatch under conditions described for rearing. I held egg
masses separately in 120 ml (4 oz) covered plastic cups with a moistened
cotton wick to maintain humidity. I collected newly hatched larvae daily and
transferred 10 of each to covered 120 ml (4 oz) plastic cups with a moistened
wicks. I held larvae in these cups for 2 d before testing.

Dispersal Studies

The larval dispersal studies were conducted in a wind tunnel consisting
of a square plexiglass tube (120 x 25 x 25 cm), similar to one described by
Diss et al. (1996). A squirrel cage fan with a rheostat was used to provide
variable wind velocities. Air current passed through a 10 cm honeycomb baffle
to produce a laminar air flow. I calibrated wind speed at different rheostat
settings with a hot wire anemometer (Yokogawa type 2141 JIS Cl 102).
I exposed 2-d-old larvae in the wind tunnel by placing them on each of
the two platforms in the center of the air current. Platforms were 9 cm diameter
cardboard discs attached to 11 cm tall dowels with the top cut at a 30° angle to
the horizontal. The platforms were placed side by side 15 cm from the front of
the tunnel with the slopes of the disks angled up, deflecting the air current
upwards.
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One hour before testing in the wind tunnel, the moistened wicks were
removed from the larvae holding cups. At the beginning of the test, larvae
were placed on the platforms and were allowed to acclimate for 2 min in the
wind tunnel without air flow. The wind speed in the tunnel was then adjusted to
1.0 m/s for 2 min, then to 2.1 m/s for 2 min, followed by 2 min of alternating
speeds of 1.0 and 2.1 m/s at 15 s intervals, allowing larvae to balloon for total
of 6 min.
I started each replicate with 10 larvae per platform, recording the total
number of larvae that ballooned from the platforms. I tested at least 60 larvae
(6 replicates) from each of 10 egg masses of L mathura and from 6 egg
masses of the Asian gypsy moth. Tests were conducted at -24° C, =40 - 50%
RH, between 0800 and 1700 h DST (with onset of photophase at 0600, and
beginning of scotophase at 2000 h DST). After tests were completed, I
weighed a cohort of 30 to 40 larvae from each egg mass using a CAHN
electronic balance (CAHN Instruments, Cerritos, CA).

Measurement of settling Velocity

I measured the settling velocity for 25 larvae from each of 4 Asian and 6
rosy gypsy moth egg masses. I used a protocol for determining settling velocity
similar to that described by McManus and Mason (1983). Individual 2-d-old
neonates trailing silk were dropped inside (to avoid effects of air movement) a
square, plexiglass tower (180 x 30 x 30 cm) which was positioned vertically on
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the floor. For testing, I removed larvae from the holding cups with a fine sable
brush and placed them at the top of the tower. Jarring the brush caused larvae
to drop on a thread of silk. I cut the silk with scissors approximately 1 cm from
its attachment to the larvae, and timed the duration between release and when
the larvae reached the floor with a stop watch measuring to 1/100 s. I
calculated the settling velocity as a ratio of the length of travel (height of the
tower) and travel time.

Diel periodicity of Dispersal

Dispersal activity during the day for L._mathura and Asian L. dispar
larvae was studied in wind tunnel experiments using methods presented
above. I measured diel activity between 0800 and 1900 h for 5 d. Ten larvae
(1 replicate) were tested for dispersal. Data on a total of at least 20 larvae
were considered during each 1 h interval i.e. between 0800 and 0900 h, 0900
and 1000 h, etc. The average percent of larvae dispersed from the platforms
was plotted against time to obtain diel curve of dispersal tendencies for L
mathura and Asian L. dispar.

Data Analysis

Although mean percents of actual numbers dispersed are presented in
the tables, I used data transformations to satisfy the assumptions of Analysis of
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Variance and achieve normal distribution. I transformed data on larval
dispersal as a square root of (X + 0.5) where X is actual number of larvae
dispersed in each replicate. I used one way analysis of variance (ANOVA) and
the Scheffe option for comparison of means in Statistix (1992) to compare
differences between larval dispersal. To compare differences in settling
velocity of insects between various egg masses, I used ANOVA and Scheffe
comparison of means with untransformed data. I used the Kruskal-Wallis
nonparametric 1-way analysis of variance and comparisons of mean ranks to
test differences in larval weight because unequal variances were detected in
Bartlett's test (P < 0.01) (Statistix, 1992). I used a linear regression procedure
in Statistix (1992) to analyze the relations between weight of larvae from
different egg masses and the tendency of these larvae to disperse.

Results

The results on neonate dispersal, weight, ant diel periodicity of dispersal
activity I report for both Lymantria species in the same section.

L,ary.ai Weight

Neonate larvae of Asian L. dispar were significantly heavier than larvae
of L mathura (Kruskal-Wallis statistic H = 213.64; P < 0.01, using x2
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approximation, parametric AOV applied to ranks; F - 396.56; df = 1, 461; P <
0.01) (Table 2.1).
There were significant differences among replicates in the weights of
neonate larvae within each species (for Asian gypsy moth, H = 68.96; P < 0.01,
for L mathura, H - 95.79; P < 0.01). Mean ± SD weights of larvae from 6 egg
masses of Asian gypsy moth ranged from 0.57 ± 0.09 mg (n = 31 larvae) to
0.74 ± 0.08 mg (n = 31 larvae). Larval weights from nine egg masses of L
mathura ranged from 0.46 ± 0.03 mg (n = 30 larvae) to 0.57 ± 0.07 mg (n = 30
larvae).

Settling Velocity.

Mean ± SDM settling velocity of larvae of Asian L. dispar was 0.96 ±
0.11 m/s which is significantly higher than 0.88 ± 0.09 m/s for larvae of L.
mathura (F = 35.50; df = 1, 248; P < 0.01). There were significant differences
in settling velocities (P < 0.01) among replicates within each species.

Larval Dispersal

There were no significant differences in dispersal tendencies of larvae
among different Asian gypsy moth egg masses (F = 0.42; df = 5, 70; P = 0.83)
or for larvae from different L mathura egg masses (F = 1.90; df = 9, 193; P =
0.05). Lymantria mathura larvae demonstrated a higher tendency to disperse
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than did Asian gypsy moth larvae (F = 28.01; df = 1, 277; P<0.01) (Table 2.1,
Fig.2.1).

Diel periodicity of Dispersal

Larvae of both species demonstrated a similar pattern of daily dispersal
activity. In the morning, between 0800 and 1100 h (DST), dispersal rates were
the lowest, ranging from 2 to 10% for L mathura and from 5 to 13% for Asian
gypsy moth (Fig. 2.2). From 1200 to 1700 h larvae of both species showed a
gradual increase in dispersal to 20 - 53% for L. mathura and a less dramatic
increase, to 5 - 28%, for L. dispar. At 1800 h dispersal of both species
declined to 30% for L mathura and 22% for Asian L. dispar.

Discussion

Dispersal of Asian gypsy moth neonates could have occurred from ships
as larvae hatched on board and ballooned in wind to the abundant host plants
on shore (Watler, 1991; Mudge and Johnson, 1992; Bogdanowicz et al.,
1993). At the time when first infestations were reported, ships were not thought
of as a definitive pathway of introduction of the species. Currently, USDA,
APHIS, Plant Protection and Quarantine (PPQ) considers it possible that
ballooning larvae could be introduced from ships. Vessels from high risk ports
arriving in the USA during the hatching period of the Asian gypsy moth are
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allowed to move to the berth if no gypsy moth life stages are found by PPQ
officers inspecting the vessels. These vessels are monitored daily during the
early morning for ballooning larvae (Levy, 1994).
The discovery of L mathura egg masses on several grain ships has
highlighted the possibility that other Lymantria species, including L. monacha
(L.), could use the same route for entering North America. In assessing the
risk for any exotic species, the probability of introduction and establishment
must be considered. It is assumed that L. mathura has not yet established in
North America, but there are no adequate means of detecting it at this time.
Both larvae of Asian L dispar and L. mathura were capable of
dispersing by wind in our wind tunnel tests. An average of 15% of neonates of
Asian gypsy moth ballooned compared with 32% for L mathura (Table 2.1).
Experiments conducted by Diss et. al (1996) using similar protocols with North
American L dispar, recorded 26% of neonates ballooning in the wind tunnel.
The percent of larvae dispersing in a wind tunnel, however, is lower than
observed in the field (McManus, 1973). In the wind tunnel experiments, I did
not provide the larvae with a tree (or any other vertical object) which they could
ascend and move up, towards the light, while trailing silk. This natural
behavior of larvae reaching top branches of the tree appears to enhance the
probability of dispersal (McManus, 1973). Another possible explanation is that
the time of exposure to wind in the tunnel (~6 min) was shorter than the time
spent for observations in the field where data were collected hourly (McManus,
1973). Although McManus (1973) indicated that in the field all newly hatched
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gypsy moth larvae are predisposed to disperse, he suggested that within any
egg mass, a percentage of the progeny may be more prone to dispersal than
others. Later, McManus and Mason (1983) hypothesized that the
predisposition of larvae to disperse is insignificant compared to the importance
of environmental conditions in determining dispersal.
The potential for dispersal is considered to be the product of the
tendency of larvae to balloon and the length of the period in which dispersal
can take place (Diss et al., 1996). The higher percent of ballooning larvae in
the wind tunnel experiment suggests that L mathura has a greater potential for
dispersal than North American or Asian gypsy moth under the same
environmental conditions.
Both Asian L dispar and L. mathura larvae display diel rhythms in their
dispersal, which is common for North American gypsy moth neonates. The
most dispersal in my wind tunnel occurred in the early afternoon, between 1300
and 1700 h DST (Fig. 2.2). The highest rate of dispersal for North American
gypsy moth larvae in the field has been noted between 1200 and 1400 h
(McManus, 1973). Although Leonard (1971) found that the peak of larval
dispersal occurred between 0845 and 1000 h, he did recover larvae between
1200 and 1600 h. I believe that time of maximum dispersal activity for L.
mathura and Asian L. dispar should be considered by PPQ programs when
monitoring high risk vessels in American ports.
The mean settling velocity rate of L. mathura (0.88 m/s) and Asian gypsy
moth (0.96 m/s) differed (Table 2.1). Slower settling velocity rates for L
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mathura larvae indicate that under the same travel time and wind velocities,
these larvae would travel longer distances than Asian L dispar larvae. Both L.
mathura and Asian L dispar larval settling velocities fall within the range of the
settling velocity of North American gypsy moth 0.41 to 1.17 m/s (McManus and
Mason, 1983). Thus, both L mathura and Asian gypsy moth neonates would
likely disperse as far or further than North American gypsy moth. Probability of
larval establishment is dependent on several factors, including wind direction
and velocity, proximity of the ship to the land, availability and quality of hosts,
time of the year, mortality factors, etc.
The existing controversy about relationships between egg size and
larval dispersal still remains unsolved. In early 1970's, Leonard (1970, 1971)
suggested that smaller larvae were more likely to disperse because most of
these larvae were from dense populations and had a longer prefeeding period
and a higher activity level. Later, it was considered that small larvae were less
likely to disperse because of reduced photoperiodism (Barbosa et al., 1981)
and a lower tendency to descend on silk when acceptable hosts were available
(Capinera and Barbosa, 1976; Lance and Barbosa, 1981). Recent research by
Diss et al. (1996) showed that the average weight of eggs from a mass was not
correlated with the tendency of larvae from that egg mass to balloon.
The results indicate that neonate Asian L. dispar have higher mean
weights and lower dispersal tendency whereas L mathura larvae have lower
mean weight and higher dispersal (Table 2.1). When comparing average
percent dispersal in each egg mass of Asian L. dispar and L. mathura, the
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same tendency is evident (Fig. 2.1), although regression slopes for each of the
species are not significant.
To date, surveys to detect establishment of L. mathura in North America
remain difficult. Some components of the pheromone of L. mathura were
recently identified (Oliver et al., 1999) but synthetic analogs have to be tested
in the field. Searches for egg masses are troublesome since eggs are laid
deep in crevices (Kozhanchikov, 1950; Maslov et. al., 1988). The number of
egg masses laid in crevices on ships is unknown, but if high numbers of eggs
were transported, given my findings on dispersal potential of neonates, L
mathura's introduction into North America is possible. Following an
introduction, subsequent establishment of this polyphagous species is likely
since L mathura larvae feed readily on a broad range of potential North
American hosts in the family Fagaceae and are able to survive and develop on
hosts from Oleaceae, Juglandaceae, Betulaceae and Pinaceae (Zlotina et al.,
1998).
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Table 2.1. Comparison of dispersal, weight and settling velocity for neonates
of L mathura and Asian L, dispar.

Species

Parameter

Number*

Mean

95% Cl

L mathura

Dispersal, %

203 reps

32.22

28.74 - 35.69

Weight, mg

277 larvae

0.51

0.50 - 0.52

Settling velocity, m/s

150 larvae

0.88

0.86 - 0.89

Asian L.

Dispersal, %

76 reps

15.53

11.73-19.32

dispar

Weight, mg

186 larvae

0.65

0.63 - 0.66

Settling velocity, m/s

100 larvae

0.96

0.94 - 0.98

‘reps, number of replicates, 10 larvae per replicate; larvae, number of
larvae.
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Figure 2.1. Relationships between neonate weight and tendency to disperse
from averages of 8 egg masses of L. mathura (y = 8.75 -10.95x (SE ±11.06);
r2- 0.14; P = 0.36) and 6 egg masses of Asian L dispar (y = 0.95 + 0.69x (SE
± 2.67); r2 = 0.2; P - 0.8).
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CHAPTER 3

COURTSHIP AND PHEROMONE STUDIES IN
LYMANTRIA MATHURA MOORE (LEPIDOPTERA: LYMANTRIIDAE)

Introduction

Pheromone-baited traps are important tools for detecting introductions of
exotic species and monitoring populations of introduced and endemic insect
pests. Lymantria mathura is one of the species introduction of which is highly
possible since its egg masses were intercepted on infested ships arriving into
North American ports. Little is known about the insect, and there is no research
reported on the pheromone of L. mathura. It is known that males of two other
Lymantria species, L dispar (L.) and L. monacha (L.), respond to (+)disparlure [(7R,8S)-7,8-epoxy-2methyloctadecane] (Beroza et al. 1973,
Kovalev et al. 1980). Males of L mathura do not respond to disparlure in
electroantennogram assays (J. Dickens, personal communication), and some
reports on trapping L. mathura in disparlure baited traps (Odell et al. 1992) has
not been confirmed (Wallner et al. 1995). Identification of a pheromone that
could be used in traps for detection would greatly enhance efforts for
preventing establishment of L. mathura in North America.
The dearth of knowledge about L. mathura coupled with the high risk of
potential introductions necessitated the development of a rearing program to
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obtain salient information required to develop monitoring, eradication, or
control procedures. Lymantria mathura was reared in the quarantine facility of
the USDA -APHIS Plant Protection Center at Otis ANGB, MA. Larvae
successfully developed on artificial diet (Bell et al. 1981), but mating success
was poor in the resulting normal appearing adults. There is no information on
courtship behavior or mating of L. mathura in the field which are necessary to
confirm results of the laboratory studies of mating.
This research addresses aspects of reproduction, particularly courtship
and mating behavior, and the olfactory response of L. mathura males to
females and potential pheromone components in a wind tunnel. I also report
here results of field trappings of L. mathura males using traps baited with
putative synthetic pheromone components.

Materials and Methods

Lymantria mathura is currently maintained in culture in the quarantine
facilities at USDA - APHIS, Otis Plant Protection Center (Otis, MA) from egg
masses collected both from Russian ships arriving in port areas of the Pacific
North West, and from several localities in the Russian Far East.
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Insect Rearing

Larvae were reared on the artificial diet of as described in Chapter 1.
Group of larvae was also reared on foliage of red oak seedlings as described
in Zlotina et al. (1998) for making behavioral comparisons.
After pupation, male and female pupae were separated and transferred
for eclosion into 480-ml (16-oz) paper cups with clear plastic lids. Male and
female pupae were kept in different rooms for emergence to avoid possible air
contamination with any pheromone.
On the day of eclosion, moths were transferred to new containers. Both
sexes were used in observations of courtship and mating behavior, and male
moths were used in wind tunnel experiments. Females were also used to
prepare abdominal tip extracts and air-borne pheromone collections.

Pheromone Studies

Studies of pheromone communication were conducted in the laboratory
(wind tunnel) and in the field (pheromone traps). In the wind tunnel, I used
preparations of female abdominal tip extract, extract of air-borne pheromone
collections, and synthetic compounds as sources of olfactory stimuli for males
of L mathura. In the field, pheromone traps baited with synthetic compounds
and virgin live females were used.
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Abdominal tip Extract. Abdominal tips of 2- and 3-day-old females were
excised 4 - 6 h after onset of scotophase, the period during which the most
matings were observed. The ovipositor and a last abdominal segment
(presumed location of pheromone glands) of 5 to 25 females were excised with
micro scissors under red light (Rosco® medium red filter # 27) and combined
with 150 fxL of cyclohexane. After 3 min, the hexane extract was pipetted to
another vial, which was closed tightly and stored in a freezer. Some extracts
were transferred to 200 fxL glass ampules for shipment to Beltsville Agricultural
Research Center, USDA, for chemical identification and use in
electrophysiological studies.

Air-borne pheromone Collections. Calling 2- and 3-d-old females (6 10) were placed in a metal screen cage. The cage was inserted in a glass
cylinder (=30 cm high, =7 cm diameter). Air was pulled through charcoal tube
for purification before entering the cylinder. The bottom of the glass cylinder
contained a 4// glass container filled with amber sorbent beads (Ambersorb®
575, Aldrich Chemical Company). Air was drawn over females and any volatile
compounds were absorbed by the amber beads. Collections were made during
scotophase (2000 - 0600 h), and then prepared samples by rinsing amber
beads with 300 fxL of cyclohexane. These samples were handled in a manner
similar to collection from female tip extracts.
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Synthetic pheromone Compounds. Gas chromatography-mass
spectrometry and electroantennogram detection of female abdominal tip
extracts revealed the presence of (Z,Z,Z)-3,6,9-nonadecatriene and its
monoepoxide (Oliver et a!., 1999), As a result of these findings, synthetic
compounds for further tests were prepared by Dr. J. Oliver (Insect Chemical
Ecology Laboratory, Beltsville Agricultural Research Center, USDA) according
to published procedures (Hansson et al. 1990, Heath et al. 1982, Wong et al.
1985). The following compounds were prepared and tested on male moths in
the wind tunnel at USDA - APHIS Otis Plant Protection Center: Z,Z,Z-3,6,9nonadecatriene (called hereafter triene); 9S,10R-monoepoxide of 3,6,9nonadecatriene (called hereafter monoepoxide); mixture of 1.5 mg of racemic
3,4-, 6,7-, and 9,10-monoepoxides of 3,6,9-nonadecatriene, 0.75 mg of
diepoxides of 3,6,9-nonadecatriene, and 0.75 mg of 3,6,9-nonadecatriene in 10
mL of solvent (called hereafter mixture).
Each odor source was used in the following amounts: 100 yuL of
abdominal tip or air-borne collection extract (~3 - 6 female equivalents), and 5
and 10 //L of triene, mixture, or monoepoxide. Compounds were applied to a 1
cm diameter disk of filter paper. After several minutes to allow for evaporation
of the solvent, the disk was pinned in to a 16 cm high plastic stand positioned
30 cm down wind from the front of a wind tunnel.
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Wind tunnel experiment Design. I used a plexiglass 2.4 L x 1.2 W x 0.9
H m wind tunnel with a push-type fan at the Otis Plant Protection Center. The
air was filtrated through activated charcoal (Kellogg and Wright 1962) and,
after passing through the tunnel, was removed by an exhaust system similar to
that described by Miller and Roelofs (1978). The air velocity was 0.9 m/s.
Experiments started 3.5 h after the beginning of scotophase and continued for
» 2 h, at ~ 23° C, and ~ 45-55% RH.
I used 2- and 3-d-old male moths from the culture described above.
Each male was placed inside an individual cylinder cage made of plastic
screen, 7 cm in diameter and 12 cm high, with removable tops. Moths were
transferred from quarantine facility to the wind tunnel room for acclimatization 4
h prior to testing.
Each test consisted of a single male. Before testing an odor source, the
cage was placed on a 16 cm high plexiglass stand, 30 cm from the back end of
the tunnel with moving air for 5 min prior to an introduction of a pheromone
source, the lid of the cage was removed to allow access of the male into the
wind tunnel. Behavior of each male was observed for 15 min, and the following
patterns were recorded: wing fanning, walking, initiating flight, random flying,
upwind anemotactic flight in a plume (zigzag), approaching the source, and
landing on the filter paper disk.

Field trapping Procedure. Wing type carton pheromone traps Pherocon
1C (Trece Inc., Salinas, CA) with entry ports of * 9 cm were used in the field
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trials. The traps were placed in the area of Vladivostok (Primorsky Region of
Russian Far East, Russia) at a distance not less than 50 m from each other,
along small forest roads or paths. Traps were checked daily from July 31 to
August 15, 1997, and from August 1 - 20, 1998. In the treatments with live
females, a small plastic screen cage containing a virgin female was placed in
the trap, with females replaced after 2-3 days.
In 1997, the racemic monoepoxide mixture in doses 10, 100, and 1000
Mg/100 ,uL (4 replicates of each), and racemic monoepoxide mixture + triene in

doses 10 and 100 mg/100 mU and 1000 Mg/200 mL (4 replicates of each) were
used on cotton dispensers, and one virgin female per cage (4 replicates).
Solvent (cyclohexane) was used as control.
In 1998, 10 replicates the following treatments were tested: 1 mg triene,
(R, S) monoepoxide (in doses 1 and 0.1 mg), 1 mg (R, S) monoepoxide + 1 mg
triene, 6 mg racemic epoxide mixture

1 mg (R,S) monoepoxide), and 30 mg

racemic epoxide mixture (~ 5 mg (R,S) monoepoxide), 10 replicates of each.

Studies of courtship and mating Behavior.

The experiments on mating behavior were designed to describe
courtship and to obtain more accurate information about diel periodicity of
calling behavior and mating. Preliminary data indicated that calling and mating
of L mathura occur at night (personal observations; Yurchenko 1995b), so all
of the studies were conducted during scotophase.
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Laboratory Studies. To facilitate observations, incandescent lights with
red light filters (Rosco® medium red filter # 27) not permeable to wavelength
below 600 nm were used. Experiments started at 2000 h at the beginning of
scotophase in a quarantine facility, at ~ 23°C, and « 45 - 55% RH, using naive
2-day-old females and males. Observations were made in three different
arenas: a small wind tunnel (described in the chapter on larval dispersal) with
the air velocity 0.5 m/s, a plexiglass cage 1x1x1m with still air, and 480 ml
(16 oz) paper cups with transparent lids.
Fifteen minutes before the onset of scotophase, I placed 2 females and
2 males in a wind tunnel. At 2000 h, I gradually reduced light intensity in the
room using a rheostat, and, when dark, used only red lights for observations.
Observations were recorded with a voice operated tape recorder until 0600 h.
The test was repeated for 3 nights, each time using a new group of insects.
The same protocol was used for experiments in the plexiglass cage.
I videotaped behavior of mating pairs in 480 ml paper containers using
two low night vision Toshiba CCD cameras (IK-536A), a Sony Flat Display
Monitor (FDM-030 EIA/CCIR 2 systems) and Panasonic Professional/ Industrial
Video, Hi - Fi Video Cassette Recorder (AG-1970P). Behavior was recorded in
6 cups at a time, between 2200 and 0400 h.

Field studies of courtship and mating Behavior. These tests were
conducted by my collaborator Dr. G. I. Yurchenko (1995b) from Far Eastern
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Forestry Research Institute, Khabarovsk, Russia. The experiments were
conducted in 2 outdoor 1 x 1 x 0.5 m nylon cages, in Khabarovsk and
Vladivostok regions, Russian Far East, with natural populations of L. mathura .
For the tests, 0 to 2-d-old moths were used, each marked by age. The
number of insects per cage varied from 2 to 46, depending on availability. Two
logs of birch trees with rough, cracked bark were placed inside of each cage.
Observations were made using a flash light equipped with a photo laboratory
red filter. Weather conditions (such as day/night temperature, humidity,
intensity of moonlight, cloudiness, etc.), as well as the origin, age of the moths,
and descriptions of courtship and mating were recorded. Observations were
initiated at dusk, (2100 -2130 h), and ended after dawn (0530 - 0600 h).

Data Analysis

Although results of courtship and wind tunnel studies presented in tables
and figures as proportions, data were analyzed as actual numbers using Chisquare test of heterogeneity (Statistix® 1992). To analyze differences between
treatments and for comparison of the means in pheromone trap catches, I used
Analysis of variance (ANOVA) and LSD (T) test (Statistix® 1992) with square
root transformed data.
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Results

I observed overall low percent of L. mathura behavioral response in
pheromone communication and courtship and mating behavior studies,
particularly in the laboratory.

Pheromone Studies
\

Pheromone mediated responses of L. mathura males to female sex
pheromone were observed in the wind tunnel when stimulated by either
extracts of female tip preparations or different synthetic compounds.

Wind tunnel Experiments. In the first sequence of behaviors, within
each source of stimuli, proportions of males performed wing fanning, walking,
and initiating flight were not significantly different. In the behavioral sequences
thereafter, the proportions of males displaying appetitive (non-pheromone
mediated) flight was smaller, with further reduction for zigzag flight in a
pheromone plume, approaching the source of stimuli, and landing on the
source at most, within each source (Table 3.1, Fig. 3.1).
However, between sources, for most of the behavioral patterns, there
were some differences (P < 0.01) in proportions of male responses (Table 3.1).
There were no pheromone related responses to triene alone.
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I found no differences in number of male pheromone mediated
responses relatively to their rearing conditions (foliage versus diet). When in
a plume of monoepoxide, zigzag flight was performed by 29 of 152 males
reared on diet versus 3 of 33 males reared on foliage (J? = 1.89; df = 1; P =
0.17).

Field Trappings. In 1997, more males were collected in traps baited with
live caged females than in all other treatments combined (Table 3.2). The
monoepoxide and monoepoxide-triene treatments were not significantly
different.

Most males in 1998 were captured in traps with 30 mg of racemic

epoxide mixture (Table 3.3). Traps with live females yielded as many males
as those with 6 mg of the same racemic epoxide mixture (P > 0.05). Trap
captures with 1 mg of (R, S) monoepoxide and 1 mg of the monoepoxide plus
triene were equivalent. No males were captured in traps baited with triene.

Behavioral studies

Courtship and mating activity of L. mathura in the laboratory was similar
to behavior of a field population.

Prematina activity and Courtship. In the laboratory and in the field,
female and male moths were inactive during photophase (daylight). Soon after
onset of scotophase (or dusk in the field), the moths became active, walking,
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wing fanning, and flying. This first bout of activity lasted =15-20 min, during
which most insects performed wing fanning and flight, sometimes landing on or
walking over each other. A quiescent moth, when disturbed by an active moth,
would also become active. Males approached females, landed some times
within 2 - 3 cm, but did not initiate courtship. Both sexes exhibited similar
behavioral patterns.
After 15-20 min, activity gradually diminished and eventually all insects
were quiescent. After 10-15 min, another similar peak of activity occurred
lasting approximately as long as the first peak, and again, this activity was
followed by a quiescent period. Over time, peaks of activity became shorter
whereas periods of inactivity extended. By 2300 h, both males and females
were primarily quiescent, with short bursts of activity.
In the laboratory, most females usually initiated 'calling' or 'pumping'
posture (extending and retracting ovipositors) about 15-20 min after onset of
scotophase, although for some females it took 40 - 60 min. In the field, females
initiated calling about 2 h after dusk. Although calling continued until midnight
and beyond, females did not mate with approaching males during first =3 h of
scotophase.
In the laboratory, 53% of 15 matings were observed close to midnight, or
=4 h after lights out (Fig. 3.2). By this time, both sexes were quiet, usually
oriented vertically on the sides of the 16 oz. cups with their heads up, with
females calling. The initiation of courtship occurred when a calling female
started to wing fan. A female would fan for several minutes before a male
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responded by wing-fanning for 1-2 min. The male began walking and wing
fanning, and usually initiated flight, flying several times around the container,
and above the fanning female. The male then landed by the side of the female.
Wing to wing contact was of very short duration, after which the female lifted
the wings, and the male reached underneath.
In field cages, when courtship was observed, almost half of the females
were hanging from the top of the screen cage. Usually, a female lightly wingfanned, and a male resting close by would initiate flight, took off, flew around,
and landed on the female abdomen while her wings were lifted. Other matings
occurred when females were sitting vertically on the wall of the cage.

Matings. I video-taped 15 matings in 42 pairs of moths in the laboratory.
All matings occurred from 3 to 6 h after beginning of scotophase (2304 to 0146
h) (Fig. 3.2). The duration of coupling ranged from 1 h 19 min to 9 h 42 min
(mean 5 h 34 min). In four cases, insects stayed in copula until next morning,
when I separated them, and excluded them from the data on duration of mating.
After the termination of coupling, the female lifted her wings, and the male
moved away, wing-fanned, and made short flights. Females remained
quiescent for several hours. Twelve of the fifteen mated females produced
fertilized eggs.
In the field, 12 from 15 females copulated, most of which being > 12 h
after eclosion (Table 3.4). Males were usually ready for mating > 24 h after
eclosion. Pairs remained in copula from 3 to 18 h with all pairings completed
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by mid day (Table 3,4). After mating, females stayed at the mating place for
several hours, then sought an oviposition site which in cages was the bark of
birch logs.
On several occasions in the field cages, males approached pairs in
copula, and landed on them. One these males approached the mating pair
from the bottom, touching the female abdomen with antennae, and disturbing
the mating male, though the pair remained in copula. Two of the females which
attracted other males remated on the second night and laid fertilized eggs.

Postscotophase Activity. At the onset of photophase, a short (~5 min)
period of wing fanning and occasional flight, particularly in males, was
observed. After this activity period, moths remained quiescent for the
remainder of photophase, with no movement unless disturbed.

Discussion

In my wind tunnel tests, most of the male activity included wing fanning,
walking, initiating flight, and a non-pheromone meditated flight. Few males
performed classic searching pattern in a pheromone plume in preparations of
female extracts or any of the synthetic compounds. There was no differences
in male responses to racemic monoepoxide versus a mixture of all racemic
mono- and diepoxides plus triene (P > 0.05) (Table 3.1), although in a wind
tunnel of the Insect Chemical Ecology laboratory USDA-ARS (Beltsville, MD)
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this mixture had higher male response frequencies (28%) than monoepoxide
(21%) (J. Oliver, personal communication).
In 1998 field tests, most males were trapped in traps baited with 30 mg
of a mixture of racemic epoxides, with their mixture contained =5 mg (R, S)
monoepoxide (Yurchenko, 1998). Similar catches in traps baited with live
females and 6 mg of a racemic monoepoxide mixture suggest that the
monoepoxide may be a major component of the pheromone of this species.
The treatment of 1 mg of (R, S) monoepoxide with 1 mg of triene yielded
significantly fewer males. There was no significant difference between low
numbers of moths trapped with 1 mg of (R, S) monoepoxide or 1 mg of (R, S)
monoepoxide plus triene (Table 3.3).
Although triene stimulated a neuron of the sexually-dimorphic trichoid
sensilla of males in the electrophysiological tests (Oliver et al., submitted),
males in the wind tunnel tests never responded to the triene alone. In the field,
no moths were captured in the triene baited traps in 1998, and the few males
trapped with triene in 1997. These could be accidental as captures also
included a few L dispar and some unidentified Noctuidae in the traps baited
with monoepoxide, triene, hexane, or with caged females. The anomalous
captures could be due to contamination of traps with dispalure during storage
(Yurchenko, 1997).
It is not clear why the level of pheromone responses was low in the
laboratory population. Only 79 of 436 males tested performed zigzag flight in a
pheromone plume in the wind tunnel. Rearing both males and females on oak
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seedlings did not reveal any differences in mating success or wind tunnel
performance when compared with a diet reared insects, and tip or air-borne
pheromone extracts from foliage-reared females were no more attractive than
extracts from the diet reared females (unpublished data).
Low frequency of responses was also evident in my courtship studies.
Overnight video recordings of courtship and mating showed that from 42 pairs
observed, only 15 copulated, and egg masses from 12 females contained
fertilized eggs. There was a similar pattern in the maintenance of my
laboratory culture, where only 20.7% of females in 1,254 pairings producing
fertilized eggs.
Laboratory and field results indicate similar patterns of behavior in
adults of L. mathura. During photophase moths are quiescent. Both sexes
undergo periods of activity at the beginning of scotophase (or at dusk in the
field) and for several hours thereafter. This activity includes wing fanning,
flying, approaching and sometimes contacting or colliding with the opposite
sex, then flying away. Periods of activity alternate with longer periods of
quiescence. During early observations, we tried to associate activity in the
beginning of scotophase with courtship, particularly the behaviors when both
sexes were in close contact. Females, although they appeared to be calling,
rarely lifted their wings when males approached, suggesting they were
unreceptive to courtship attempts in early scotophase. This unreceptive
behavior is similar to that described for Helicoverpa zea (Colvin et al., 1994)
with movements away from an approaching male, withdrawal of the ovipositor,
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wing flapping, and escape. Additional work is needed to determine when
pheromone is actually emitted.
After observing that mating occurred later in scotophase, I consider that
behavior in early scotophase likely represents a short period of nocturnal flight
activity. Such activity is described for mated and virgin females of Asian gypsy
moth (Wallner et al., 1994a; Wallner et al.,1994b), where females initiated
flight following sunset when the light level fell to about 2 lux.
Most of the matings occurred in the 3 - 5 h after beginning of scotophase
in the laboratory and at about 2 or 3 h after dark in the field. Mating usually
occurs when a calling female starts light wing fanning prompting a wing fanning
response and flight in a nearby male. A receptive female lifts the wings, and,
after a wing contact, allows the male under the wings. Because observations
during video records and at night in the field limited our visibility, I could not
determine if there was any tarsal contact in L. mdthura as in courtship of
North American L dispar (Charlton, 1987).
It is possible that calling in the beginning of scotophase occurs without
sufficient pheromone production, or, if produced and released, that males are
not receptive until later in scotophase. In L dispar, expression of calling
behavior is not dependent on pheromone content in the gland. Giebultowicz et
al. (1992) found females called within several hours of emergence prior to
pheromone production and at temperatures too high (33° C) for them to
produce pheromone.
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Charlton (1987) noted that North American L. dispar males sometimes
stay in contact with a female and assume a pseudocopulatory pose appearing
to be attached to the female, but are readily dislodged by a gentle tug. During
this episode, the female remains calling and is able to attract another male.
Yurchenko (1995b) observed on several occasions that L mathura females, in
spite of appearing to be in copula, attracted other males. Two of these females
did not oviposit, but mated the following night with different males and laid
fertilized eggs. It is also possible mating took place, but the females were not
provided with sufficient amount of eupyrene sperm for egg fertilization. North
American L dispar females re-initiate calling and remate as a result of
insufficient sperm transfer during copulation (Proshold, 1995).
During my night observations I noticed that moths were strongly
attracted to visible light. Field studies in the Russian Far East showed that L
mathura adults, together with L dispar and L monacha, are attracted to light
with spectral emissions greater than 500 nm (Wallner, 1993; Wallner et al.,
1995). Yurchenko (1995b) noticed that moonlight appeared to deter matings;
more matings occurred on cloudy nights. High humidity is another factor
important for successful matings in outdoor cages (Yurchenko, 1995b). I
noticed differences in the overall activity level of moths in the laboratory on
different nights of observations which might have been related to changes in
outside environmental factors, such as barometric pressure.
Activity during scotophase and features of courtship of L. mathura differ
from North American L. dispar. It is probable that in the process of a mate
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recognition and courtship, other cues and sensory modalities are involved.
Usually courtship of species with flightless females differs from species where
more active females can reject a male, or fly away (Charlton, 1987).
There are differences in daily flight activity between L. mathura and
Asian L. dispar and L monacha. The peak time of flight based on moth
captures at lights for L. mathura is from 0100 to 0300 h whereas captures of
Asian L. dispar and L monacha peaked from 2300 to 0100 h and from 0200 to
0500 h, respectively (Wailner, 1993; Wallner et al., 1995). The temporal
isolation of Asian L. dispar and L. monacha is a function of the cross
attractancy in their pheromones (Wallner et al., 1995, and references there in)
whereas the pheromone of L. mathura is different (Oliver et al., 1999), and
disparlure is apparently not active on L. mathura.
In conclusion, in early scotophase, both sexes of L. mathura undergo
periods of flight activity alternated with quiescence intervals. Courtship and
mating of L mathura takes place later in scotophase. Behavioral patterns and
timing of mating in a laboratory maintained culture are similar to those of a field
population. However, low mating success in laboratory was observed, as well
as low frequency of male flight responses to female pheromone in a wind
tunnel. There was no differences in frequencies of responses to pheromone
preparations from live females or to different synthetic compounds. Results in
a wind tunnel and captures in pheromone traps in the field indicate that (R, S)
racemic monoepoxide of (Z,Z,Z)-3,6,9-nonadecatriene and different mixtures of
the monoepoxide are likely candidates for the female pheromone of L. mathura.
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Table 3.1. Proportions of behavioral responses to different olfactory stimuli in
a wind tunnel for L. mathura males.

Source of stimuli

Behavior

Female tips

Monoepoxide

Mixture

Triene

(N=238)

(N=143)

(N=28)

(N=15)

Wing fanning

0.65a*

0.78b

0.64ab

0.47a

Walking

0.58a

0.77b

0.61 ab

0.4a

Initiating flight

0.56a

0.72b

0.57ab

0.4a

Flying

0.47ab

0.55a

0.54a

0.27b

Zigzagging

0.18a

0.19a

0.32a

0

Approaching

0.05a

0.08ab

0.18b

0

Landin<

0.01a

0.02ab

0.07b

0

* Numbers in rows followed by the same lower case letter are not significantly
different by x2test (P > 0.05).
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Table 3.2. Number of L mathura males trapped at a field near Vladivostok
(Russia) between 31 July and 15 August 1997.

Treatment

Number L. mathura males

Concentration

trapped (N=66)
10a

Monoepoxide

1000 pg/100 pL

Triene

10 pg/100 pl_

4ab

Hexane

100 pL

1b
51c

Caoed females

* Means followed by the same lower case letter are not significantly different (P
> 0.05).
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Table 3.3. Number of L mathura males trapped at a field near Vladivostok
(Russia) between 1-20 August 1998.

Number L mathura
Treatment

Dose

males trapped (N=99)

Caged female

19

20ab

Triene

1 mg

0c

(R, S) monoepoxide

1 mg

8bc

(R, S) monoepoxide

0.1 mg

6bc

(R, S) monoepoxide + Triene

1 mg + Img

7bc

Racemic epoxide mixture

6 mg

19ab

Racemic epoxide mixture

30 mq__

39a

* Means followed by the same lower case letter are not significantly different (P
> 0.05).
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Table 3.4. Results of matings of L. mathura females in outdoor cages on 4 - 6
August 1995, Vladivostok (Russia).

Time in copula

Time between end of

Female age

Time at the

at the start

beginning of

mating and to the start

of mating

mating (h)

of opposition

> 12h

0037

13 h 53 min

8 h 55 min

> 12 h

0057

17 h 27 min

6 h 30 min

> 12h

0210

7 h 20 min

16 h 30 min

~6h

2340

13 h 20 min

s 11 h

~6h

2358

18 h 02 min

~6h

>9h

0352

9 h 13 min

6 h 55 min

s 12h

0245

12 h 15 min

N/A*

> 12h

0432

7 h 28 min

N/A

« 12h

0123

10 h 32 min

=4h

>9h

0342

2 h 38 min

12 h 40 min

>6h

2400

11 h 12 min

2 h 49 min

* Data not available
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CHAPTER 4

LOW FREQUENCY SOUND PRODUCTION IN LYMANTRIIDAE
(LEPIDOPTERA)

Introduction

Sound production has been reported in 40 families of Lepidoptera
(Frings and Frings, 1981). In most cases, moths produce and/or perceive
sound in the high frequency range, above 50 kHz, and the most common
functions are suggested as defense against predation by bats (e.g. Roeder,
1967; Roeder and Treat, 1961; Treat, 1955; Baker and Carde, 1978; Fullard et
al., 1979; Zhantiev et al., 1993), and as components of courtship (e.g.
Spangler, 1985; Conner, 1987; Krasnoffand Yager, 1988; Fullard, 1992;
Sanderford and Conner, 1995). There are, in contrast, few reports of low
frequency sound from Lepidoptera associated with courtship (Wakamura,
1977; Spangler, 1985).
When audible sounds were detected from moths of species of
Lymantriidae, I recorded and analyzed sounds produced by a variety of the
gypsy moths. These included Lymdntrid dispdr(L.), nominate L. dispar from
the Russian Far East, the Peoples Republic of China, and from Hokkaido,
Japan, L mathura Moore, and the browntail moth, Euproctis chrysorrhoea L.
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All insects were cultured in the quarantine facility at the United States
Department of Agriculture, Animal and Plant Health Service (APHIS), Otis Plant
Protection Center, Otis, MA. Larvae were reared as described in Chapter 1.
The taxonomy of Lymantriidae, including the genus Lymantria, is being
revised (P. W. Schaefer, USDA-ARS, Newark, DE, personal communications);
therefore, instead of trinomials which may be synonomized, I have used
"nominate L dispar and localities to identify the forms of gypsy moths that
were studied. The origin of specimens tested were: Nominate L. dispar, from
Vladivostok, Russian Far East (commonly referred to as Asian gypsy moth),
from Hebei, Shandong, and Liaoning, People's Republic of China, and from
Hokkaido, Japan. The North American L. dispar were the New Jersey Strain
maintained in culture at the Plant Protection Center. Lymantria mathura were
from Vladivostok and Kavalerovo, Russian Far East. Euproctis chrysorrhoea
were collected as pupae in Provincetown, Cape Cod, MA.
Sound recordings were made from individual, 1-d-old, virgin moths. To
dampen ambient sound, I constructed a chamber from a styrofoam box 4 cm
thick, lined with 2 cm of acoustical foam (inside dimension 25 x 15.5 x 13 cm (I,
w, h). A hole was cut in the side to insert a Shure® VP88 condenser
microphone. Recordings were made on a Sony® TCD-D7 Digital Audio TapeCorder set at 0.5 recording volume. One moth was placed in the chamber, and
the chamber was covered with an additional layer of acoustical foam. Sounds
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were monitored with headphones. I recorded the moths after initiation of
scotophase, with the exception of North American L. dispar and E.

chrysorrhoea which were recorded during the latter hours of photophase.
Preliminary analysis of recordings was done in the Bioacoustics
Laboratory, Woods Hole Oceanographic Institution, Woods Hole, MA, using
the program CSIG with associated acoustic database routines developed by
Fristrup et al. (1992) and Fristrup and Watkins (1994) for analyzing and
classifying marine animal sounds. Sounds were sampled at a rate of 50,000
Hz with a filter set at 22,000 Hz to prevent 'aliasing' of the signal by cutting off
signals above 22,000 Hz.
To compare wing beat frequencies, I used SIGNAL/RTS® (Engineering
Design, Belmont, MA) to measure frequencies of wing beats per time unit (ms).
For any taxon, I measured 20 sequences from each of 2 individuals of each
sex. Because only 1 male and 1 female of nominate L. dispar (Hokkaido) were
available for recording, I measured 40 sequences from each.

After

determining no significant difference between frequencies of wing beat in 2
individuals of the same sex and taxon (P > 0.05) using ANOVA in Statistix
(1992), I combined data from the same sex and taxon into one set, and then
compared frequencies between taxa by ANOVA on 40 measurements.
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Results

Females of L. dispar in North America are flightless, and neither fan their
wings nor produce sound, but all the other moths produced low amplitude,
broadband, atonal sounds during episodes of wing fanning. The level of sound
sometimes increased dramatically (Figs. 4.1, 4.2). Most energy was in the
range of 2 to 3.5 kHz, with peaks at 8.5 to 22 kHz. The initiation and duration
of sound production varied, with short bursts from only a few wing beats, to
wing fanning episodes lasting several seconds. Sound waveforms (Figs. 4.1,
4.2) show considerable variation, but no specific pattern was noted for a
particular taxon or sex. The longest continuous bout (9.5 s) was from a male of

L. dispar (NJ strain).
Visual analysis of waveforms showed considerable intraspecific variation
in duration, intensity, and pattern for each sex, and, if differences in patterns
existed, they were subtle. There were, however, statistically significant
differences in the duration of a single beat of both males (F - 31.20, df - 5, P <
0.01) and females (F = 16.84; df = 4; P < 0.01). In males, duration of a wing
beat values for L dispar (NJ strain) and nominate L dispar from China and
Hokkaido did not differ significantly (LSD (T) test in ANOVA procedure, Statistix
1992) (Table 4.1). Wing beat durations of nominate L. dispar from the
Russian Far East and E. chrysorrhoea were similar. Lymantria mathura male
had the lowest wing beat duration (highest wing beat frequency) value and
differed significantly from each of the above groups except for the nominate L
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dispar from the Russian Far East. Wing beat frequencies in females showed a
similar relationship (Table 4.1).
Comparison of wing beat durations between sexes of the same taxon
showed significant differences within species and nominate species (Table 4.1)
with wing beat durations are higher in females than in males.

Discussion

Cardone and Fullard (1988) found that auditory receptors of North
American L dispar perceived both low and high frequency signals (5 to 150
kHz), with females the more receptive in the 5 -15 kHz range. Although
Cardone and Fullard (1988) speculated on the function of low frequency sound
reception in courtship, they did not report human-audible social sounds in L

dispar. My finding of sounds from North American L. dispar, nominate forms of
L dispar, L. mathura and E chrysorrhoea suggest that the production of
audible, low frequency sound is likely a common occurrence in lymantriids.
The reception of high frequency sounds in North American L dispar
male moths is considered to trigger an avoidance response to predatory bats
(Baker and Carde, 1978; Cardone and Fullard, 1988). The avoidance reaction
to high frequency sound from jingling keys described in L. dispar (Baker and
Carde, 1978) was also observed in our wind tunnel tests with L. mathura
males.
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In my tests, production of low frequency sounds was associated with
wing fanning. The mechanism is unknown, but I hypothesize that the sound is
likely produced by changes in the angle or pitch of the wings, or, perhaps, also
by the beat of wings striking the substrate, although no undue ablating of
scales were noted on wings. I was not able to locate tymbals such as exist on
the wings of pyralids (Spangler, 1987, 1988).
Tymbal organs occur on each side of the third abdomen segment in
lymantriid males, but are absent in males of some species in which females are
poor fliers, such as in the European form of L dispar (Dall'Asta, 1988). With
the exception of flightless North American females, all moths of both sexes that
we tested produced low frequency sounds. The abdominal tymbals in these
moths may be responsible for higher frequency sounds, but to our knowledge,
this has not been established.
In comparison to the production of high frequency sound, it is known of
but two reports of low frequency production in Lepidoptera, both caused by
wing fanning. Wing-fanning males of Agrotis fucosa Butler (Noctuidae)
produced low frequency sounds when attempting to copulate (Wakamura,
1977), and females Galleria mellonella L. produced low frequency sounds
which induced males to increase their release of sex pheromone (Spangler,
1985). In male of the North American gypsy moth, thoracic muscle activity and
electrical activity associated with wing fanning increased with the dosage of
sex pheromone (Obriecht and Hanson, 1989).
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